Objective This prospective non-randomised study was performed to compare the psychosocial function and clinical outcomes following surgical and percutaneous implantation of a pulmonary valve at 3 months and 1 year after treatment. Methods All patients were consecutively admitted for treatment by either method from June 2011 to October 2014. The data of 20 patients treated with the percutaneous technique and 14 patients treated with open heart surgery were compared. Psychosocial function was measured by the Achenbach System of Empirically Based Assessment (ASEBA). We used linear mixed-effect models to investigate group changes between the psychosocial function and clinical data of 34 patients with congenital pulmonary valve disease. Results A significant difference in favour of the percutaneous pulmonary valve implantation group was observed regarding the ASEBA scores, specifically in the Thought problems subscale at 1 year (p=0.015), Attention problems subscale at 3 months (p=0.016) and 1 year (p=0.007) after treatment. After adjustment for the right ventricle to pulmonary artery pressure gradient at 3 months, a significant change in the Attention problems subscale (p=0.038) was noted in the percutaneous group. The New York Heart Association functional score significantly improved in both groups. The measured right ventricle to pulmonary artery pressure gradient was reduced significantly in both groups at 1 year. Conclusions Both methods led to significant clinical improvement. Thought and attention problems such as intrusive behaviour significantly decreased only in patients who underwent the percutaneous procedure. Complications as reintervention, bleeding and arrhythmia were only observed in the open surgery group.
IntROduCtIOn
Percutaneous pulmonary valve implantation (PPVI) for selected patients with right ventricle outflow tract (RVOT) obstruction or insufficiency was introduced in 2000 as a complementary technique to surgical pulmonary valve replacement. [1] [2] [3] [4] [5] [6] Device-related and technique-related improvements 7 have resulted in expanded performance of PPVI with increasingly more patient groups being accepted for treatment. 8 Long-term follow-up results have indicated improved and sustained haemodynamics after the procedure. 1 9 10 Patients have reported positive impacts on psychosocial function and normalisation of life after treatment. 11 12 Surgical valve replacement is a successful procedure with low mortality. However, repeated sternotomy is a predictor of prolonged hospitalisation and may increase the risk of complications. 13 Inattention, hyperactivity and poor school performance are described in children with complex heart disease. [14] [15] [16] Possible causes include underlying neurobehavioural impairment, genetic and epigenetic factors, surgical and interventional procedures, cerebral microembolisation, cerebral hypoperfusion, anaesthesia exposure, an inflammatory response, or simply psychological and physical strain caused by repeated surgeries. 14 16-18 A strategy for prevention
Key questions
What is already known about this subject?
► Both treatment techniques are associated with good clinical outcomes. An easy rehabilitation and rapid life normalisation are described as positive experiences in the percutaneous pulmonary valve implantation group. However, the psychosocial outcome between the two treatment groups after treatment remains unknown.
What does this study add?
► In the percutaneous pulmonary valve group, a significant improvement was observed in subscales within psychosocial function. No significant improvements were observed in the open surgery group.
How might this impact on clinical practice?
► Subscales within psychosocial function was in favour of the percutaneous pulmonary valve implantation group 3 months and 1 year after treatment. However, future studies involving a larger sample population and longer-term follow-up are warranted to confirm our results.
and lifelong perspective is important in modern healthcare, hence to alleviate neurodevelopmental and neurovascular risk factors is crucial. 16 19 The possible impact of PPVI on patients' psychosocial function should not be underestimated. When evaluating new treatments, patient-reported outcomes are important in estimating the psychosocial results of therapy. 20 Knowledge is limited regarding the relationship between patient-reported outcomes addressing psychosocial function and clinical data in patients who have undergone PPVI or open heart surgery. We aimed to compare the short-term and intermediate-term clinical and psychosocial outcomes after percutaneous and surgical techniques.
A priori, we hypothesised that (1) a significant improvement in clinical and psychosocial outcomes would occur in both treatment groups and (2) a difference in patient-reported outcomes would be noted between the two groups at 3 months and would be in favour of the PPVI group.
MetHOds design
A single-centre, prospective case-control study.
setting All Norwegian patients eligible for surgical or interventional treatment for RVOT dysfunction are centralised to one centre at Oslo University Hospital. Recruitment was performed by sending an information letter to patients and/or their closest relatives before they arrived at the hospital. Informed consent was given by the patient for patients >18 years of age and by the parents/closest relatives for younger patients. A team of four thoracic surgeons and one interventional cardiologist working in close collaboration performed all RVOT procedures. A procedural strategy reflecting international guidelines 21 was planned for both paediatric and adult patients, using the same criteria for both procedures.
Patients
Thirty-four consecutive patients were included in the study in the period of June 2011 to October 2014 (20 in the PPVI group and 14 in the open surgery group); 23 of these patients were children (15 in the PPVI group and 8 in the open surgery group). The inclusion was not randomised because the percutaneous technique could not be applied in all patients due to mechanical restrictions.
The inclusion criteria were independent of procedure technique, based on international principles of treatment within the field 22 and a consensus set by the local treatment team. The exclusion criteria were aggressive endocarditis, conduit of >22 mm and no circumferential foreign material. All included patients had information on their former surgery (conduit type and size), clinical indication and gradient of their stenosis (as measured by echocardiography, cardiac MRI or catheterisation). All patients in both groups required pulmonary valve replacement secondary to a failed surgical procedure to repair the RVOT.
Interventions

Percutaneous intervention group
Pre-stenting performed up to 3 months before the procedure was considered part of the PPVI procedure. The vascular access route for the percutaneous pulmonary valve was either transfemoral or transjugular. Cardiac catheterisation with assessment of the right heart and pulmonary and aortic pressures preceded each implantation. According to the standard procedure, all patients underwent angiographic coronary visualisation during pulmonary artery balloon inflation to evaluate the potential risk of coronary compression by implantation of the percutaneous valve.
Open surgery group
The surgical valves were implanted after a midline sternotomy, either directly under a patch or in a Gore-Tex conduit. After preparation of the necessary mediastinal structures, bicaval and ascending aortic cannulation was performed. Cardiopulmonary bypass was initiated, and the patient was cooled to a temperature of 32°C. The aorta was then cross-clamped, and St. Thomas crystalline cardioplegia was delivered. Appropriate exposure and preparation of the RVOT was performed, and a valve was implanted in the pulmonary position using a standard technique. When necessary, a Gore-Tex patch was placed for enlargement of the RVOT. After rewarming and reperfusion, the patient was weaned from cardiopulmonary bypass and the wound was closed in a standard fashion. treatment Anaesthesia and monitoring were standardised for both treatment groups. Induction was performed with benzodiazepines and maintained with gas and fentanyl. All patients in the PPVI group were extubated before leaving the angiographic suite. The patients in the open surgery group were transferred to the intensive care unit after surgery 23 and extubated when their haemodynamics and respiratory status were stable. Chest tubes were routinely removed on postoperative day 1.
Analgesia
Analgesics were administered according to established protocols. At the start of the operation, a single dose of fentanyl was administered intravenously, whereas paracetamol and ketorolac were administered at the end of anaesthesia. In the open surgery group, at the start of the postoperative phase on day 0, paracetamol was administered according to a fixed protocol with ketorolac/ morphine intravenously as needed. From postoperative day 1, the patients received oral paracetamol. Ketorolac and additional analgesia were thereafter administered as needed.
study outcomes Patient-reported outcomes (psychosocial function) were assessed using the Achenbach System of Empirically Based Assessment (ASEBA) and New York Heart Association (NYHA) functional class. The clinical outcomes were mortality, reintervention or reoperation, complications such a stent fracture and arrhythmia, the right ventricle to pulmonary artery pressure gradient and the degree of pulmonary regurgitation measured before and after treatment.
Patient-reported outcomes
Psychosocial function
The ASEBA 24 was used to assess psychosocial function before treatment and twice postoperatively in both groups. This is a generic, comprehensive, self-administered outcome measure of social functioning. It comprises 112 items that are used to measure symptoms in eight subscales: Anxiety/Depression, Withdrawal, Social complaints, Thought problems, Attention problems, Intrusive behaviour, Aggressive behaviour and Delinquent behaviour. Items are scored on a 3-point scale, and lower scores indicate poorer functioning. 24 25 The Youth Self-Report questionnaire targets patients aged 11 to 18 years, while the Adult Self-Report questionnaire targets patients aged 18 to 59 years; each questionnaire was used as appropriate. The questionnaire was administered to all patients aged >11 years. The timing of data collection was based on the time intervals that were expected to maximise the treatment benefit and intermediate results.
All patients were instructed to complete the questionnaire according to their perceived status of well-being at that time.
Changes in the NYHA classification of heart failure were measured through a self-reported questionnaire collected before treatment and twice postoperatively (3 months and 1 year). 26 
Clinical outcomes
The following data were collected before treatment and twice postoperatively (3 months and 1 year) in both groups: change in the measured right ventricle to pulmonary artery pressure gradient and the degree of pulmonary regurgitation. The right ventricle to pulmonary artery gradient pressure was measured in millimetres of mercury, while the pulmonary regurgitation was graded in five levels (0-4) defined as none, trace, mild, severe and free. 21 statistical analysis Differences between two independent proportions were tested by Fisher's exact test or the χ 2 test and differences between two independent samples means were tested by the Mann-Whitney U test. Within-group changes from the preoperative period to 3 months and 1 year postoperatively were examined by the Wilcoxon signed-rank test for pulmonary stenosis, pulmonary regurgitation and NYHA classification. Otherwise, a mixed-effect linear regression model was used to fit multiple data points per patient, whereas the outcome variable was the psychosocial function score, the NYHA classification, cardiac function and length of stay. In the mixed model, patient identification was a random variable while time and group with interaction time×group were treated as fixed variables. The crude and adjusted mean changes from baseline to 3 months and 1 year, SD and p values were calculated for each group. The p values were not adjusted for multiple outcomes, and significance was set at p <0.05.
Statistical analyses were performed with IBM Statistical Package for the Social Sciences (SPSS).
Results
Patient characteristics
The two groups were comparable with regard to baseline characteristics: gender, age, body weight and number of previous open heart surgeries. However, the groups differed significantly with respect to valvular disease: stenosis was the main disorder in the PPVI group, while pulmonary regurgitation or combined disease were the main disorders in the open surgery group. Among the 20 patients in the PPVI group, 16 received a Medtronic Melody valve (Medtronic, Minneapolis, Minnesota, USA) and 4 received an Edwards SAPIEN valve (Edwards Lifesciences, Irvine, California, USA). 23 Two of the patients underwent pre-stenting 1 and 3 months prior to valve implantation, while nine patients underwent pre-stenting during the implantation procedure. A median of 1 (range, 1-3) pre-stent was used. Of the 14 patients in the open surgery group, 11 received a Carpentier-Edwards Perimount Magna valve (Edwards Lifesciences), 2 received a Contegra bovine jugular valved conduit (Medtronic) and 1 received a pulmonary homograft (table 1) .
Clinical endpoints
In the PPVI group, no procedure was cancelled because of unfavourable coronary localisation. High-pressure pre-dilatation of the pulmonary valve was performed in 13 patients (65%), and high-pressure post-dilatation was performed in 8 patients (40%).
Baseline clinical data showed a statistical difference between groups. Concerning pulmonary stenosis, there was a statistical finding showing more patients in the PPVI group diagnosed with pulmonary stenosis and a mixed lesion compared with the open surgery group.
The measured right ventricle to pulmonary artery pressure gradient was reduced significantly in the percutaneous pulmonary valve group from baseline 67 (10-96) mm Hg to 19 (11-30) at 3 months (p<0.001), and at 1 year 19 (9-56) (p<0.001) after treatment. In the surgery group, the change in measured right ventricle to pulmonary artery pressure gradient was not significant at 3 months, but at 1 year after treatment, the gradient was reduced to 20 (7-36) (p=0.010). In the percutaneous group, NYHA class function was reduced from baseline 2 (1-4) to 1 (1-2) after 3 months (p=0.021) . After 1 year, the functional NYHA class was still significant 1 (1-3) (p value=0.034).
In the surgery group, NYHA class function was significantly reduced from baseline 2 (1-3) to 3 months 1 (1-2) (p=0.004), and the improvement was not significant at 1 year.
Pulmonary regurgitation level was reduced significantly in the percutaneous group from baseline 3 (0-4) to 3 months 0 (0-2) (p<0.001), at 1 year the improvement sustained significant at 0 (0-2) (p=0.003). In the surgery group, the pulmonary regurgitation level was reduced significantly from baseline 4 (0-4) to 3 months 1 (0-2). One year after treatment, the level sustained significant at 1 (0-2) (p=0.003) (table 2) .
No acute adverse events occurred in the PPVI group. One patient in the open surgery group underwent a reoperation and needed blood transfusion because of bleeding. Another patient required pacemaker implantation after surgery because of a permanent heart block. One patient in this group developed ventricular tachycardia before surgery and therefore received an implantable cardioverter defibrillator after surgery (table 3) .
Psychosocial function
Baseline data were comparable between the groups. In the PPVI group, a significant improvement was observed in the Thought problems subscale from baseline to 1 year postoperatively (p=0.015), the Attention problems subscale at 3 months (p=0.016) and 1 year (p=0.007) after treatment. No significant improvements were observed in the open surgery group. No significant differences in psychosocial function before and after treatment were observed between the two groups.
Psychosocial function was assessed only in patients aged >11 years; this contributed to missing data in this study because the response rate for the ASEBA scores was only 63% (table 4) .
Association between clinical and psychosocial outcomes
In the PPVI group, a significant association was found between the right ventricle to pulmonary artery gradient pressure and psychosocial function with respect to the Anxiety/Depression subscale at 3 months postoperatively (4.19) (p=0.038). This association was not significant in the same treatment group at 1 year postoperatively (3.66) Congenital heart disease (p=0.058). No significant association of psychosocial function with the length of stay, pulmonary regurgitation or NYHA classification of heart failure was found between the two groups.
dIsCussIOn
In both groups, a significant improvement in clinical endpoints was found at 3 months; however, only in the percutaneous group improvements sustained significant Table 2 Changes in clinical outcomes within groups from baseline to 3 months and 1 year after treatment at 1 year concerning the right ventriculo-arterial gradient and the NYHA class. A difference in patient-reported outcomes was found between the groups, a significant improvement in psychosocial endpoints was observed within the PPVI group at 3 months concerning Thought problems, and in subscale Attention problems at 3 months and 1 year after treatment. No such finding was observed either at 3 months or 1 year after treatment in the open surgery group. A significant association was also found between the right ventricle to pulmonary artery Subscale changes are presented as mean±SD. T-score changes from baseline to 3 months and 1 year are presented in descriptive statistics. Negative numbers postoperatively indicated improvement from baseline within each group. **Numbers of patients were less in each treatment group because only children aged >11 years were included. n (baseline), n (3 months) and n (1 year) are given for missing data at different time points. *P value and changes were analysed using a linear-effects model. Bold numbers are statistical significant changes.
Congenital heart disease gradient pressure and psychosocial function with respect to the Anxiety/Depression subscale at 3 months postoperatively in the PPVI group. Psychosocial function in patients with congenital heart disease may be attributed to numerous factors such as age, genetics and altered cerebral perfusion in utero. 15 Open heart surgery with extracorporeal circulation may add to these factors in challenging psychosocial function. This may explain why the patients treated by the percutaneous catheter technique experienced an improvement in psychosocial function, not seen in the surgical patients. 16 In a previous paper from the present study covering the economic effects of the herein-described treatment methods, we demonstrated that the mean length of hospital stay in the open surgery group was significantly longer than in the PPVI group. 23 This may have also affected the patients' reported experience.
Adults with complex congenital heart disease have an increased risk of cumulative challenges associated with significant morbidity and an increased risk of mortality when they reach the age of 50 years. 27 These patients have an increased risk of anxiety, depression and social cognition issues, resulting in challenges in educational attainment, employment and social and emotional issues. 16 Surgery is a more comprehensive treatment than the percutaneous technique and therefore has higher physical and psychological risks. Dos et al 13 described arrhythmias, respiratory complications and renal dysfunction as the most common early postoperative events following surgery in older patients with multiple sternotomies at highest risk for prolonged hospitalisation. 13 Interventional techniques are evolving, and more patients are likely to be treated percutaneously in the future. This may impact long-term quality of life in these patients.
We previously reported positive patient experiences following PPVI. A short hospital stay, easy rehabilitation and rapid life normalisation were common positive experiences. 11 The patients may have adapted and changed expectations accordingly. A near-normal life expectancy 28 in later life may also become a challenging issue for these patients.
The self-reported NYHA classification of heart failure sustained significant at 1 year only in the PPVI group, indicating less symptoms and a rehabilitation in favour of the percutaneously treated patients.
The self-reported NYHA classification is not necessarily only related to the initial diagnosis but can also be related to the assessment of perceived health. 29 A significant correlation among heart function, the degree of pulmonary stenosis and psychosocial outcomes with respect to the Anxiety/Depression subscale was observed in favour of the percutaneous treatment at 3 months (p=0.038). This finding may indicate that the reduction in the right ventricle to pulmonary artery gradient pressure was a result of reductions in anxiety and depression after treatment.
This was not a randomised study, and the groups differed with respect to type of pulmonary valve lesion.
Patients with predominantly valve stenosis were offered PPVI, while most patients in the surgery group had pulmonary regurgitation caused by mixed underlying diseases. Therefore, we cannot rule out the possibility that differences in diseases may have impacted the psychosocial outcomes.
COnClusIOn
Both methods led to significant clinical improvement. A significant reduction in thought and attention problems such as intrusive behaviour was observed in patients who underwent the percutaneous procedure. After adjusting for the right ventricle to pulmonary artery gradient pressure, the attention problems significantly decreased in the PPVI group. A significant improvement in the NYHA functional score was observed in both groups. Complications such as reintervention, bleeding and arrhythmia were only observed in the open heart surgery group. strengths and limitations of the study This was a prospective study with follow-up data. Self-reporting contributes to a more comprehensive assessment, which is an advantage over the established objective measures of illness severity. We used a well-established and validated instrument to measure psychosocial function and self-reported data. Increasingly more studies are showing that the NYHA functional class is a complementary classification to the level of disease severity because it involves the self-reporting of symptoms defined by the patient. 29 Our findings should be interpreted cautiously. The most important limitation is the small sample size and missing data, which could have increased the probability of type 2 errors. Our study population, which mainly comprised teenagers, was probably influenced by the amount of missing data. This vulnerable patient population is asked to participate in considerable ongoing research, probably influencing the willingness to communicate or share experiences. Our population also exhibited large age differences. The instrument used to assess psychosocial function included only children aged >11 years, resulting in a response rate of 63% for the ASEBA scores.
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